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[57] ABSTRACT 

An input circuit 200 includes first to fourth switching 
transistors T1-T4 to be controlled by clock signals CLK and 
/CLK. and two latch circuits 202 and 204. In response to a 
rising edge of the clock signal, switching transistor Tl is 
turned on, and latch circuit 202 takes in data. In response lo 
a falling edge of clock signal CLK, switching transistor T3 
is turned on, and latch circuit 204 takes in the data. Since 
Input and output of the data are performed at both the rising 
edge and the falling edge of the clock signal, the operation 
can be performed at double the frequency. 

13 Claims, 19 Drawing Sheets 
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SYNCHRONOUS SEMICONDUCTOR Similarly, the latch circuit takes in the potential level of 

MEMORY DEVICE PERFORMING INPUT/ input signal II at time t3, i.e., at the rising edge of clock 

OUTPUT OF DATA IN A CYCLE SHORTER signal CLK1 in cycle 2, and the value thereof is fixed as the 

THAN AN EXTERNAL CLOCK SIGNAL level of output signal 01 at time tS, i.e., at the rising edge of 

CYCLE 5 clock signal CLK1 in a cycle 3. 

BACKGROUND OF THE INVENTION ^ °^ ati ° n te * ° f * W*™"** SR ^ <* *f ^ is 

performed in such a manner that an external test device 

1. Held of the Invention applies a predetermined clock signal, and an address signal. 
The present invention relates to a semiconductor memory test data or the like are input or output at every cycle in 

device. In particular, the invention relates to a synchronous 10 synchronization with the applied clock signal, 

semiconductor memory device, which performs input/ However, test devices themselves for an operation test of 

output of data in synchronization with one or two kinds of a synchronous SRAM or the like, which operate rapidly as 

external clock signals, and also relates to a method of described above, have not been improved to follow the 

writing data during a test of the device. increase in operation speed of the synchronous SRAM or the 

2. Description of the Background Art 15 like to be tested. 

As an operation speed of CPUs such as personal com- If a test device allowing a rapid test were assembled in a 

puters have been increased, so-called synchronous semicon- process of manufacturing synchronous SRAM or the like, a 

ductor memory devices such as a synchronous SRAM have cost of facilities would increase, so that the test cost and 

been developed to support a secondary cache memory and ^ hence the chip cost would increase, 
others. 

Operation speeds of synchronous SRAMs and synchro- SUMMARY OF THE INVENTION 

nous DRAMs have recently been increased ^remarkably, and Accordingl y, M object of the invention is to provide a 

they can now use a clock ^signal of which maximum fre- synchroaous semiconductor memory device such as a syn- 

quency is larger than 100 MHz (megahertz). M chronous SRAM and a method of testing the same, which 

FIG. 21 is a circuit diagram showing a structure of a allow an efficient operation test at a frequency near an 

conventional input control circuit 1000, which takes in a allowed maximum operation frequency of the synchronous 

signal upon rising (i.e.. at a rising position) of an external semiconductor memory device using a test device having an 

clock signal during one cycle. allowed maximum test frequency of a relatively low value. 

It is assumed that input control circuit 1000 is contained 30 Another object of the invention is to reduce a test cost for 

in an input register latching or an output register which a synchronous semiconductor memory device and hence a 

latches input data or output data of a synchronous SRAM. cn ^ ) cost 

An input signal II is ttansmitted to a latch circuit formed ^ ^ mc , Wdcs a synchronous 

of inverters IR1 and IR2 via an N-channel MOS transistor semiconductor memory ^vice for taking in external signals 

Tl controlled by a clock signal CLKX 35 induding a sigQal ^ signaI and a ^ signal 

The signal held at the latch circuit is issued as a signal 01 in synchronization with an external clock signal. The syn- 

via an N-channel MOS transistor T2, which is controlled by chronous semiconductor memory device includes a memory 

an inverted clock signal /CLK1 formed by inverting clock cell anay, a control circuit, an address register, a memory 

signal CLK1 by an inverter circuit IR3. ccll a ^ iBput circuit a data OR circuit 

Input control circuit 1000 having the above structure is 40 m m ^ inc i udcs a pluraii ty of memory 

contained in the input or output register m the synchronous cclls mffd ^ rows ancft columns . ^ con trol circuit takes 

SRAM. in the control signal in response to rising of the external 

Operation will now be described below more in detail. dock signal. The address register takes in the address signal 

FIG. 22 is a timing chart showing an operation of input ^ j D response to rising of the external clock signal. The 

control circuit 1000. memory cell select circuit is controlled by the control circuit 

At time tO, clock signal CLK1 is at Hevel, transistor Tl to read and write data into and from the memory cell 

is off, and transistor T2 is on. corresponding to the address signal The data input circuit 

At time tl, clock signal CLK1 rises to H-level. In receives the externally applied data signal and applies the 

response to this, transistor Tl is turned on, and transistor T2 ^ same to the memory cell select circuit. The data output 

is turned off. Thereby, the potential level of input signal II circuit receives the data from the memory cell select circuit 

at time tl is held by the latch circuit formed of inverters IR1 and externally outputs the same. The data input circuit and 

and IR2. Thus, an input node il of the latch circuit changes the data output circuit are responsive to rising and falling of 

its level to L-level, and an output node i2 thereof changes its the external clock signal. 

level to H-level. 53 According to another aspect of the invention, a synchro- 

During a cycle 2 starting from time t2. input signal II nous semiconductor memory device for taking in external 

changes its level to H-leveL In response to change in level signals including a control signal and an address signal in 

of clock signal CLK1 to L-level, transistor Tl is turned off. synchronization with an external clock signal, includes a 

and transistor T2 is turned on. memory cell array, a control circuit, an address register, a 

In response to the changes in level of transistors Tl and 60 memory cell select circuit a data input circuit and a data 

T2, the level of output signal 01 changes into H-level. output circuit 

Therefore, the level of output signal 01 is fixed at H-level The memory cell array includes a plurality of memory 

at time t3. i.e., at a rising edge of clock signal CLK1 in cycle cells arranged in rows and columns. The control circuit takes 

2. Thus, the signal taken into the latch circuit at time tl is in the control signal in response to rising of the external 

issued as the output signal at time t3. Therefore, a period 63 clock signal. The address register takes in the address signal 

from the take-in to the output of data requires a time period in response to rising of the external clock signal. The 

from time tl to time t3. i.e.. a time period equal to one cycle. memory cell select circuit is controlled by the control circuit 
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to read and write a date signal into and from the memory cell FIG. 2 is a timing chart showing a read operation of the 

corresponding to the address signal The data input circuit synchronous SRAM; 

receives the externally applied data signal and applies the FIG. 3 is a circuit diagram showing a structure of an input 

same to the memory cell select circuit. The data output control circuit 200 of the embodiment 1 of the invention; 

circuit receives data from the memory cell select circuit and 5 p|G. 4 j s a timing chart showing an operation of the input 

externally outputs the same. The data input circuit and the contro i circuit 200; 

data output circuit take in the data signal in response to ^ 5 {$ & circuit diagram showing a structure of an input 

rising of the external clock signal and rising of an external of an embodiment 2 of the invention; 

sub-clock signal having a phase opposite to that of the . . 

externaldock signal. 10 FIG. 6 is a tuning chart showing an operation of the input 

, . control circuit 300; 

According to still another aspect of the invention, a . . ~ . . ^ f . 

syncr^nous semiconductor memory device for taking in ^^^t^ 

external signals including a control signal and an address control circuit 400 of an embodiment 3 of the invention; 

signal in synchronization with an external clock signal, FIG. 8 is a timing chart showing an operation of the input 

includes a memory cell array, a control circuit, an address 1 5 control circuit 400; 

register, a memory cell select circuit a data input circuit and fig. 9 is a timing chart showing a test pattern for writing 

a data output circuit in a burst operation of an embodiment 4 of the invention; 

The memory cell array includes a plurality of memory FIG. 10 is a timing chart showing a test pattern for reading 

cells arranged in rows and columns. The control circuit takes ^ and corresponding to that in FIG. 9; 

in the control signal in response to rising of the external pjQ j| ^ a fa^ng cna rt showing a test pattern for writing 

clock signal. The address register takes in the address signal in a norma i operation of an einbodiment 5 of the invention; 

in response to rising of the external clock signal. The HG i 2isatimmg chart showing a test pattern for reading 

memory cell select circuit is controlled by the control circuit ^ corresponding to FIG. 11; 

toreadaiKiwritea^tasi^ FIG. 13 is a timing chart showing a test pattern for writing 

corresponding to the address signal The data mput circuit * „ emr^diment 6 of the invention; 

receives the externally applied data signal and applies the iU * UU12,V ^ . . ^ _ A . 

samTto the memory cell select circuit. The da* output FIG. 14 is a timing chart showing a test pattern for reading 

circuit receives data from the memory cell select circuit and and corresponding to FIG. 13; 

externally outputs the same. The data input circuit and the FIG. 15 is a timing chart showing a test pattern for writing 

data output circuit take in the data signal in response to 30 in a normal operation of an embodiment 7 of the invention; 

rising and falling of the external clock signal and an external FIG. 16 is a timing chart showing a test pattern for reading 

sub-clock signal having a phase shifted by a quarter of a and corresponding to FIG. 15; 

cycle from the external clock signal. FIG. 17 is a timing chart showing a test pattern for writing 

According to yet another aspect of the invention, a 35 in a burst operation of an embodiment 8 of the invention; 

method of writing data into a synchronous semiconductor pjQ t \% [ s a rimin g chart showing a test pattern for reading 

memory device being operable continuously to take in an a nd corresponding to FIG. 17; 

externally applied data signal in response to rising and fig. 19 U a tmimg chart shcjwmg a test pattern for writing 

falling of an external clock signal in an externally designated - n a nonna i operation of an embodiment 9 of the invention; 

specific write mode, including the steps of: ^ pj G 2 n - ls a timing chart showing a test pattern for reading 

writing a first data signal into an address corresponding to an(1 corresponding to FIG. 19; 

the externally applied address signal in response to the mG u shQws a circuit ^ &am showing a structure of a 

rising of the external clock signal; and conventional input control circuit 1000; and 

inverting one of the bits in the address signal, and writing ^3. 22 is a timing chart showing an operation of the input 

a second data signal formed by inverting the first data 45 control circu j t 1000. 
signal into a corresponding address in response to the 

falling of the external clock signal. DESCRIPTION OF THE PREFERRED 

Accordingly, a primary advantage of the invention is to EMBODIMENTS 
provide the synchronous semiconductor memory device. 

which can take in the input data at least two times during one 50 Ikntocxlijnen 1 ...... « t v 

cycle of the external clock signal, and can input/output data FIG. 1 is a diagram showing a structure 

at a high frequency. of a synchronous SRAM 100 of an embodiment 1 of the 

Another advantage of the invention is to provide a method invention, 

of writing data, which can suppress loss m timing of change Synchronous SRAM 100 includes a control circuit 10 

of the externally applied address signal and data signal, and 55 which is controlled by an external clock signal CLK to 

can efficiently write test data into the synchronous scmicon- receive a chip select signal /CS instructing activation of a 

ductor memory device. chip and a write enable signal AVE enabling a write 

The foregoing and other objects, features, aspects and operation, an address register 12 which is controlled by 
advantages of the present invention will becomes more signal CLK to take in an externally applied address signal, 
apparent from the following detailed description of the 60 a burst control signal generating circuit 14 which is con- 
present invention when taken in conjunction with the trolled by signal CLK to receive externally applied bust 
accompanying drawings. operation control signals /ADSP, /ADSC and /ADV. and 

control a burst operation mode, and a burst counter 16 which 

BRIEF DESCRIPTION OF THE DRAWINGS ls controlled by burst control signal generating circuit 14 to 

FIG. 1 is a schematic block diagram showing a structure 65 issue an internal address during the burst operation mode, 

of a synchronous SRAM 1000 of an embodiment 1 of the Signal /ADSP is a control signal applied from a CPU 

invention- (Central Processing Unit), and is taken into the circuit 14 at 



05/05/2004, EAST Version: 1.4.1 



5,726 ; 

5 

a rising edge of signal CLK. When signal /ADSP is at 
L-level, a burst operation is interrupted and a new external 
address is latched. Signal /ADSC is a control signal applied 
from a memory controller, and is taken into the circuit 14 at 
the rising edge of signal CLK. When signal /ADSC is at 5 
L-level, the burst operation is interrupted, and a new exter- 
nal address is latched 

Signal /ADV is taken into the circuit 14 at the rising edge 
of signal CLK. When signal /ADV attains L-leveL an 
internal burst counter is activated When signal /ADV attains 10 
H-level, the internal burst counter stops its operation. 

Synchronous SRAM 100 further includes a memory cell 
array 20 holding data, a decoder 22 which is controlled by 
signal CLK and selects a corresponding memory cell in 
accordance with an internal address signal applied from 
address register 12 via burst counter 16, and a sense ampli- 
fier and write driver circuit 24 which performs reading and 
writing of data from and into the memory cell selected by 
decoder 22. 

Synchronous SRAM 100 further includes an input register 20 
26 which is controlled by signal CLK to receive externally 
applied input data and apply the same to sense amplifier and 
write driver circuit 24. an output register 28 which is 
controlled by signal CLK and receives read data from sense 
amplifier and write driver circuit 24, an output enable signal 25 
buffer 30 which is controlled by control circuit 10 and an 
externally applied output enable signal /OE. and an output 
buffer 32 which is controlled by a signal sent from output 
enable signal 34 for externally issuing read data. 

When signal /OE is at H-level, the output terminal attains 30 
a high impedance state. 

FIG. 2 is a timing chart showing a read operation of 
synchronous SRAM 100 during burst transfer. During a 
cycle Tl, address status signal /ADSC is enabled and hence 
attains L-level, and simultaneously an initial address AO is 35 
taken into synchronous SRAM 100. 

During a cycle T2. synchronous SRAM 100 operates to 
feed address AO into address register 12, and starts a read 
operation. Decoder 22 selects a predetermined memory cell. ^ 
and data which is read therefrom by sense amplifier and 
write driver circuit 24 is transmitted to output register 28. 
When follow-through-read is designated (i.e., when signal 
/FT is at L-level). output information is through-output via 
output buffer 32. Conversely, when signal /FT is at H-level, ^ 
a pipeline read operation is designated and read output 
information is temporally latched by output register 28. The 
data thus latched will be output in response to rising of the 
clock in the next cycle. 

Therefore, access to the initial address for pipeline read 5Q 
requires a wait operation for one cycle. The clock access 
time, however, substantially depends on only a delay time of 
the output circuit Therefore, rapid clock access is achieved 

When address advance signal /ADV is enabled (L-level) 
during this T2 (T2W) cycle, burst counter 16 in the memory J3 
will operate in the next cycle, and the internal address will 
automatically changes. In response to this address change, a 
new read operation will be performed 

All the operations described above are executed in 
response to the rising edges of externally applied clock 50 
signal CLK. 

In the write operation, respective operations are likewise 
performed in response to the rising edges of clock signal 
CLK, although the timing itself of each control signal 
changes to designate the operation for writing. 65 

According to the structure of the embodiment 1. the 
timings for input/output of data are varied in accordance 
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with a test mode signal Ml. and the write or read operation 
is performed in response to the rising or falling edge of clock 
signal CLK 

FIG. 3 is a circuit diagram showing a structure of an input 
control circuit 200 of the embodiment 1. 

Input control circuit 200 includes latch circuits 202 and 
204 as well as an N-channel MOS transistor Tl which 
receives on its gate a clock signal CLK1 and is operable to 
send an applied input signal II to latch circuit 202. an 
inverter circuit N3 receiving clock signal CLK1, an 
N-channel MOS transistor T2 which receives on its gate an 
output of inverter circuit N3 and is operable to send an 
output of latch circuit 202 as an output signal Ol therefrom, 
an inverter circuit N4 which receives test mode control 
signal Ml as an input an NOR circuit NR1 which receives 
an output of inverter circuit N4 and clock signal CLK1 as its 
inputs, an N-channel MOS transistor T3 which receives an 
output of NOR circuit NR1 on its gate and is operable to 
send an applied input signal II to latch circuit 204, an NOR 
circuit NR2 which receives an output of inverter circuit N3 
and test mode control signal Ml as its inputs, and an 
N-channel MOS transistor T4 which receives on its gate an 
output of NOR circuit N2 and is operable to send an output 
of latch circuit 204 as signal Ol therefrom. 

Latch circuit 202 includes inverter circuits IR1 and IR2 
which have inputs connected to outputs of circuits TR2 and 
IR1, respectively. Latch circuit 204 includes inverter circuits 
IR3 and IR4 which have inputs connected to outputs of 
circuits IR4 and IR3. respectively. 

Operation will now be described below. 

The following description will be given on an operation in 
such a case that a test mode signal Ml is at H-level 
designating the test mode operation. 

FIG. 4 is a tuning chart showing an operation of input 
control circuit 200. 

It is assumed that dock signal CLK1 is at L-level at time 
tO. ie., start of a cycle 1. At this time, N-channel MOS 
transistors Tl andT4 are off. and N-channel MOS transistors 
T2 and T4 are on. 

Therefore, latch circuit 204 holds the level of input signal 
II at the rising edge of clock signal Tl during 

In response to rising of clock signal CLK1 at time tl, 
N-channel MOS transistors Tl and T4 are turned on, and 
transistors T2 and T3 are turned off. 

At time t2, i.e., falling edge of clock signal CLK1 from 
which a cycle 2 starts, the level of output signal Ol attains 
H-level in accordance with the potential level of input signal 
II which latch circuit 204 took in at time tl. Thus, the input 
signal, which was taken in at the rising edge of clock signal 
CLK1 in cycle 1. is issued as an output signal at the falling 
edge of clock signal CLK1 in cycle 1. A time period from 
take-in of data to output is equal to a period between times 
tl and t2, i.e., half of one cycle. 

Subsequent operations are performed similarly. At time 
t2. Le., falling edge of clock signal CLK1 in cycle 1, input 
signal II at H-level is taken into latch circuit 202. and will 
be issued as output signal Ol at time t3. 

As described above, input control circuit 200 operates to 
execute take-in and output of data at both of the rising and 
falling edges of clock signal CLK 1. Therefore, the cycle of 
input/output of data is equal to a half of the cycle of external 
clock signal CLK1. 

Within one cycle of the external clock signal, input signal 
II is taken in twice, so that the input or output of data can 
be executed at a double frequency. 
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Description has been given on the case where test mode can be performed four times during one cycle of external 

control signal Ml is at H-level. When test mode control clock signal CLK1. as will be described below, 

signal Ml is at L-level designating the normal operation, the Input control circuit 400 of the embodiment 3 includes 

outputs of both of AND circuits Al and A2 are at L-level. so latch circuits 402. 404, 406 and 408 as well as N-channel 

that transistors T3 andT4 are off. Input control circuit 200, 5 MOS transistor Tl which is connected between an input 

therefore, attains a state similar to that of Input control node INI and an input of latch circuit 402, and receives 

circuit 1000. and specifically only transistors Tl and T2 as clock signal CLK1 on its gate, an inverter circuit N3 which 

well as inverter circuit N3 and latch circuit 202 are active. receives clock signal CLK1, N-channel MOS transistor T2 

In the normal operation mode, therefore, input/output of data which is connected between a node PI and an output of latch 

is performed correspondingly to one cycle of the external 10 circuit 402, and receives on its gate an output of inverter 

clock signal. circuit N3, an inverter circuit N4 which receives clock signal 

[Embodiment 2] CLK2. an inverter circuit N6 which receives an output of 

FIG. 5 is a circuit diagram showing a structure of an input inverter circuit N4 , an AND circuit 410 which receives an 

control circuit 300 of an emrx>diment 2 of the invention. output of inverter drcuit N6 and test mode control signal 

, . * t aa j * tc . * ^ i ; 15 Ml. a P-channel MOS transistor T12 which is connected 

Input control circuit 300 differs from input : conta* ciroiit pl and an output nodc oifTl. and receives on 

200 of the embodiment 1 in that N-cfcumel MU nil — ^ m 

, an inverter circuit Nl 

T5 and T6 are controlled by a sub-clock signal CLK2 and JJ^ ^^lock signal CLK1. N-channel MOS tran- 

tcst mode signal Ml. sistorT3 which is connected between input node INI and the 

N-<hannel MOS transistor T5 receives on it gate the 2Q of ^ and receives on its ga te ^ output 
output of AND circuit Al receiving signals Ml and CLKZ of NL aD inverter circuit N2 which receives 
N-channel MOS transistor T6 receives on its gate the output ^ m ^ ^ cvdi N ^ N _channel MOS transistor 
of AND circuit A2 which receives a signal produced by T4 . $ CQnncctcd between an output of latch circuit 404 
inverting signal CLK2 by an inverter circuit N4 and test ^ a node ^ afld receives on its gate an output of inverter 
mode control signal Ml. 25 cifcuit N2 a p^aimd MOS transistor T13 which is con- 
It is assumed that clock signal CLK2 varies complemen- ne cted between nodes P2 and PS, and receives on its gate an 
tarily to clock signal CLKL output of inverter circuit N4. an N-channel MOS transistor 

FIG. 6 is a timing chart showing an operation of input j^lO wn ich is connected between node P5 and output node 

control circuit 300 shown in FIG. 5. OUT1. and receives test mode control signal Ml on its gate. 

The operation is basically similar to that of input control 30 jjiput control circuit 400 further includes inverter circuit 

circuit 200 of the embodiment 1 except for that clock signals ^5 w hich receives clock signal CLK2, an N-channel MOS 

CLK1 and CLK2 are used as externally applied clock transistor 17 which is connected between input node INI 

signals. and an input of latch circuit 406, and receives on its gate an 

Input control circuit 200 of the embodiment 1 performs output of inverter circuit N5. an N-channel MOS transistor 
control using clock signal CLK1 and inverted clock signal 35 T8 which is connected between an output of latch circuit 406 
/CLK1 which is produced by inverting clock signal CLK1 and a node P3, and receives on its gate the output of inverter 
by inverter circuit N3. Meanwhile, in the embodiment 2, the circuit N6, a P-channel MOS transistor T14 which is con- 
control is performed using two complementary clock signals nected between nodes P3 and P5. and receives on its gate the 
CiXl and CLK2. output of inverter circuit N2. N-channel MOS transistor T5 

Similarly to the foregoing embodiment, the signal which 40 which is connected between input node INI and latch circuit 

was taken in at time tl is issued at time t2, and the signal 408, and receives clock signal CLK2 on its gate, N-channel 

which is taken in at time t2 will be issued at time t3. MOS transistor T6 which is connected between an output of 

Therefore, a time required between take-in and output of latch circuit 408 and node P4, and receives on its gate an 

data is equal to a half of the cycle of the clock signal, and output of inverter circuit N4, and a P-channel MOS transis- 

the input control circuit of the embodiment 2 achieves an 43 torTIS which is connected between nodes P4 and PS. and 

effect similar to that by the input control circuit of the receives on its gate the output of inverter circuit N3. 

embodiment 1. Operation of input control circuit 400 will be described 

Since the embodiment 2 uses complementary clock sig- below, 

nals CLK1 and CLK2, it is not restricted to the structure FIG. 8 is a timing chart showing an operation of input 

shown in FIG. 5, and. for example, such a structure may be control circuit 400. 

employed that clock signal CLK2 is applied to the gate of At time to, clock signal CLK1 is at L-level. and clock 

N-channel MOS transistor T2. and the test mode control signal CLK2 is at H-level. 

signal and clock signal CLK1 are applied to AND gate AZ Therefore, transistors T2, T3. T6 and T7 are on. and 

[Embodiment 3] 55 transistors Tl, T4, T5 and T8 are off. 

FIG. 7 is a circuit diagram of an input control circuit 400 It is assumed that input signal II is at L-level at time t2. 

of an embodiment 3 of the invention. i.e., at the center in cycle 1. At this time, clock signal CLK1 

Input control circuit 400 of the embodiment 3 primarily rises to H-level. and clock signal CLK2 maintains H-leveL 

differs from input circuit 300 of the embodiment 2 in the Therefore, the potential levels of these input signals are 

following two points. , 60 into latch circuits 404 and 406 via on transistors T3 

First, clock signals CLK1 and CLK2 which control the and T7, respectively, 

operation of input control circuit 400 are not complementary In response to change of clock signal CLK1 at time t2. 
to each other in contrast to the embodiment 2, and have transistors Tl and T4 are turned on. and transistors T2 and 
phases which are shifted from each other by a quarter of the T3 are turned off. 

cycle, 65 It is assumed that input signal II has changed its Level 
Second, input control circuit 400 has four latch circuits into H-level at time t3, i.e., when three quarters of cycle 1 
each holding input data, whereby take-in and output of data elapses. The level of this input signal is taken into latch 
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circuits 402 and 406 via on transistors Tl and 17. respec- 
tively. Therefore, the potential level held by latch circuit 406 
changes from L-ievel of the input signal at time t2 into 
H-level which is the level of input signal at time t3. 

At time t3, clock signal CLK2 rises to L-leveL In response 
to this, transistors T5 and T8 are turned on. and transistors 
T6 andT7 are turned off. 

At time t4, i.e., upon completion of cycle 1, the input 
signal which was taken into latch circuit 404 via transistor 
13 at time t2 is sent to node P2 in response to turn-on of 
transistor T4. At this time, the output level of inverter circuit 
N4 which is equal to the gate potential of transistor T13. i.e., 
the output level of a node r6 is at L-level, and transistor T13 
ts on. so that the potential level of node P2 is transmitted to 
node P5. Further, the test mode signal is at H-level, so that 
the potential level of node P5 is transmitted to output node 
OUT1 and is issued as signal Ol. 

At this time, the level of gate potential of transistor T12, 
Le„ the output level of inverter circuit N6 (potential level of 
a node rS) is at L-ievel, and transistor T12 is on. However, 
transistor T2 is off. Therefore, the potential level held by 
latch circuit 402 does not affect output node OUT1. The 
potential level of gate of transistor T14. i.e., the output 
potential of inverter circuit N2 (potential level of a node r4) 
is at H-level at time t4. so that transistor T14 is off. and the 
potential level held by latch circuit 406 does not affect 
output node OUT1. Further, the input potential applied to the 
gate of transistor T6, ie., the output level of inverter circuit 
N4 (potential level of node r6) is at L-level at time t4. so that 
transistor T6 is off, and the potential level held by latch 
circuit 408 does not affect output node OUT1. 

In this manner, data which was taken into input control 
circuit 400 at time t2 is issued to output node OUT1 at time 
t4, Le.. after half a cycle. 

Likewise, the input signal which was taken into input 
control circuit 400 at time t3 is issued at time t5, i.e., after 
half a cycle. Thereafter, operations are performed similarly, 
so that the input signals taken into the circuit at the rising or 
falling edge of clock signal CLK1 or CLK2 are successively 
issued to the output node after elapsing of half a cycle. 
Therefore, take-in of data is performed four time during one 
cycle, and output of data is also performed four times during 
one cycle, because one cycle contains four rising edges and 
four falling edges of clock signals CLK1 and CLK2. 

Input control circuit 400 of the embodiment 3 is con- 
trolled by clock signal CLK1 and clock signal CLK2 which 
is shifted from clock signal CLK1 by a quarter of the cycle, 
and can take in data at a frequency 4 times larger than that 
of conventional input control circuit 1000. 

In the operation described above, take-in of data is 
performed at a quadrupled frequency using clock signal 
CLK1 and clock signal CLK2 shifted therefrom by a quarter 
of the cycle. Naturally, the cycle of each clock signal may be 
reduced, e.g., to a half, whereby take-in of data can be 
performed at a frequency which is eight times larger than 
that described above. More generally, the times of input/ 
output of data can be increased to 2 n -fold (n: natural 
number) within a constant period. 

fEnirx>diment 4j 

FIG. 9 is a timing chart showing a test pattern during 4-bit 
burst writing, and particularly in the case where a synchro- 
nous SRAM operates at double the frequency of clock 
supplied from a tester. 

In the first cycle, signal /ADSC attains L-level at a take-in 
position A. so that a start address Aq for the burst operation 
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is taken in. At a second take-in position in the first cycle, 
signal /ADV attains L-level, so that a burst counter in the 
synchronous SRAM operates one time. Similarly, signal 
/ADV attains or maintains L-level at each of the take-in 

5 positions A and B an the second cycle, so that the burst 
counter operates two times. The operations in the first and 
second cycles are repeated in the third and fourth cycles. 
During these operations, an input signal DIN is taken at 
respective take-in positions by setting signal /WE to L-ievel. 

10 The input signals thus taken are successively written into 
addresses determined by the burst counter. 

Input signal DIN is set such that data at take-in position 
A is equal to inverted data of data at second take-in position 
B. whereby it is possible to prevent continuous writing of the 

15 same data at successive addresses. In this manner, writing by 
the burst operation can be performed at double the clock 
frequency set by the tester without a loss. 

FIG. 10 is a timing chart showing a test pattern in the 4-bit 
burst operation, and particularly during reading of the writ- 

20 ten data in FIG. 9, which is performed in a synchronous 
SRAM operating at double the frequency of clock supplied 
from the tester. 

Similarly to FIG. 9. signal /ADSC attains Hevel at 

^ take-in position A in the first cycle, so that the start address 
for the burst operation is taken in. At the second take-in 
position B in the first cycle, signal /ADV is set to L-level, so 
that the burst counter operates one time. 

Similarly, signal /ADV attains or maintains L-level at 
30 take-in positions A and B in the second cycle, so that the 
burst counter operates two times in total. The operations in 
the first and second cycle are repeated in the third and fourth 
cycles. 

Signal /WE is set to H-level. and signal /OE is set to 
35 L-level. so that the read operation is designated, and data is 
read from the address, which is taken at take-in position A 
in the first cycle, and an address which is determined by the 
burst counter based on the address taken at take-in position 
A in the first cycle. 
40 In the above operation, data is output two times in one 
cyde. Therefore, such a structure is employed that the tester 
issues a strobe pulse two times in one cycle. In accordance 
with the strobe pulse, the tester takes in a data value, and 
comparison between the read data value and the expected 
45 value is performed two times in one cycle. 

In this manner, the reading by the burst operation and the 
test for the same can be performed at double the frequency 
of the clock signal applied from the tester without a loss. 
[Embodiment 5] 

FIG. 11 is a timing chart showing a test pattern for a 
normal write operation in the synchronous SRAM which 
operates at double the frequency of the clock signal applied 
from the tester. 

55 An address for starting the writing is taken in at take-in 
position A in the first cycle. At second take-in position B in 
the first cycle, an inverted address of the address taken in at 
take-in position A is issued from the tester to the synchro- 
nous SRAM. 

6o The above address change is repeated in the second, third 
and fourth cycles in a similar manner. 

During the above operations, the write operation is des- 
ignated by setting signal /WE to L-level, so that data of 
signal DIN which were taken in at the respective take-in 

65 positions are successively written into the memory cells 
corresponding to the data of address signal which are taken 
in at the subsequent data-take-in positions. Input signal DIN 
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is set such that the data of signal DIN taken in at take-in part can be handled as if data were written at the address 

position A is equal to inverted data of the data taken in at stored at the tester part if a read operation is performed in 

second take-in position B, whereby it is possible to prevent such a manner that the address signal in the tester part is 

continuous writing of the same data at successive addresses. changed in the completely same manner as the write opera- 

In this manner, writing of data in the normal operation can 5 uon * 

be performed at double the frequency of the clock signal By the operations described above, continuous writing of 

supplied from the tester without a loss. four successive bits can be performed without a loss even in 

FIG. 12isatimingchartshowingatestpatternfarreading the case where writing in the synchronous SRAM is pcr- 

fce written data shown in FIG 11 b/the normal read formed by the burst 

operation, which is performed at double the frequency of the 10 than that of the clock signal supphed from the tester 

clock signal applied from the tester. FIG. 14 is a timing chart showing a test pattern in the 4-bit 

Similarly to FIG. U. the address is taken in at take-in burst operation for reading the written data in TO. 13 at a 

position A in the first cycle. At second take-in position B in frequency four time larger than that of the clock signal 

the first cycle, the address designated at take-in position A supplied from the tester. 

and the inverted address signal are applied to the synchro- 15 Similarly to the operations in FIG. 13. signal /AJ>SC 

nous SRAM. The operations performed in the first cycle are attains L-level at first take-in position A in the first cycle, so 

repeated in the second, third and fourth cycles. that the start address for the burst operation is token in 

during the above operations, signal/WE is set to H-level. ^al /ADV retains Wevel * "J 

^^fOEiM^lA^i^^tuAopcnO^i* 20 f 0"* take-in positions B, A ^ "te^ 

designated and data is read from the addresses which were *e c ™ perforins count-up three times, 

taken at the respective take-in positions. The above operations in the first cycle are repeated in the 

In the above read operation, data is output two times in se °° n <* Cycle, 

one cycle. Therefore, the tester is adapted to issue a strobe * ^ ^ ™* A s Sct * H_lcV ? L ^ 

pulse two times in one cycle, whereby data at the time of M signal /OE is set to L-leveL whereby the read operation is 

H-level of this strobe signal is inverted By making com- designated, and data is read from the acWress. which was 

parison with respect toThe expected value applied in the taken in at the first take-in position m toe first eye and the 

w^te operation!^ reading aTd testing in me normal address depending on the count of the burst counter. 

cperatioTcan be performed without a loss even at double the Although data output is performed four times in one cycle, 

frequency of the clock signal applied from the tester as 30 me output daU corresponding to the first ^ d /^ n ^-in 

described above positions A and B are the same data (D), and the output data 

. ' corresponding to the third and fourth take-in positions A 1 and 

[Embodiment 6] B' are the same data (/D), as is apparent from the write 

FIG. 13 is a timing chart showing a test pattern for writing opcraticm in nG u. Therefore, the same data arc succes- 

in a 4-bit burst operation, and particularly in the case where s .. output fof each containing two continuous bits, 

the synchronous SRAM operates at a frequency four time 35 ^ ^ ft ^ ^ necessary to output a pulsc f^m the 

larger than that of the clock signal supphed from die tester. tcstcf ^ cyery quartcr of me By outputting the 

At take-in position A in the first cycle, signal /ADSC window strobe signal, for example, extending over third and 

attains L-level, so that a start address for the burst operation fourth quartcr s 0 f th c cycle as shown in FIG. 14, it is 

is taken in. Signal /ADV attains L-level at second third and possible to make comparison with respect to an expected 

fourth take-in positions B. A' and B* in the first cycle. 40 valuc ^ detecting only that output data does not change 

whereby the burst counter operates three times in total. The during the H-level of the window strobe signal. Similarly, 

above operations in the first cycle are repeated in the second mc is SUCS a window strobe signal WS2 extending over 

cycle. first and second quarters of the second cycle, whereby it is 

During the above operations, signal /WE is set to L-level possible to make comparison between the read data and the 

to designate the write operation, and, in one cycle, input 4 expected value by detecting that output data does not change 

signal DIN is switched to an inverted level at half the cycle. wn ii e window strobe signal WS2 is at H-leveL 

In the address signal at the tester, the lowest bit is inverted in this read operation, and particularly even in connection 

at every half cycle, and the second bit is inverted at every with the burst operation in which 4-bit data are successively 

half cycle with a delay of a quarter of the cycle from read at a frequency four times larger than that of the clock 

inversion of the lowest bit Contents of the bits at third and signal applied from the test, it is required for the tester part 

higher digits arc renewed at every cycle. to compare the read data with the expected value in accor- 

The address at which data is actually written in the dance with the window strobe signal issued at every half 

synchronous SRAM is the address which the burst counter cycle. Therefore, a load on the tester can be reduced, 

determines by counting up from the address taken at the first 55 Accordingly, the read operation and test for the 4-bit burst 

take-in position in the first cycle. In the tester part, the operation can be performed without a loss, 

address changes regardless of the address for the actual [Embodiment 7] 

writing, and a correspondence or relationship between the fig. 15 is a timing chart showing a test pattern for the 

write data and the address value is stored, normal write operation in the synchronous SRAM, which 

According to the above manner of changing the address. ^ operates at a frequency four times larger than the frequency 

the actual write address itself changes the contents of its bits of signal applied from the tester. 

at every quarter cycle, but the address to be stored by the During the first cycle, thc address signal is taken in four 

tester part is required to change only at every half or more times at take-in position A as well as second, third and fourth 

cycle. Therefore, a load at the tester part can be minimized take-in positions B, A' and B\ In the address signal applied 

even in a rapid test operation. 65 from the tester during this, the value of the lowest bit, i.e„ 

Noncoincidence between the address, at which writing AO address is inverted at half the cycle. Meanwhile, the 

was actually performed, and the address stored at the tester value of the second bit. i.e., Al address is inverted at the 
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cycle shifted from that of AO address by a quarter of the address for the burst operation is taken in. At second, third 

cycle. The values of the third and higher bits, i.e., A2-An and fourth take-in positions B, A* and B' during the first 

addresses are renewed at every one cycle. cycle, signal /ADV is at L-level. whereby the burst counter 

In this case, the address signal applied from the tester operates three times. By doubling the frequency of the clock 

designates the address for the actual writing in contrast to the 5 signal to be supplied, the 4-bit burst operation is performed 

burst operation in FIG. 12. twice during one cycle of the tester operation. 

In connection with the respective bits of the address For performing me burst operation for 8 bits, it is falsely 

signal, however, change in signal value of each bit can be deemed that the lower three bits of the address signal have 

performed by inversion at every half of the cycle, so that a changed int0 mc fol ] owing values , aod th e expected values 

load on the tester can be reduced. 10 corresponding to them are stored. Values of the fourth and 

As data for writing, signals D and /D of which values are higher bits of the address signal are renewed at every cycle, 

inverted at every half the cycle are used. ^ yalue ^ A0 at ^ lowest bit ^ inyerted at every 

During the above write operation, signal /ADSC is always quarter of mc ^ nt valuc of A1 at me sccond bit is 

at L-level regardless of the cycle, and the address register inverted at every quarter of the cycle shifted by one-eighth 

latches the value of address in each take-in cycle. Also, is 0 f the cycle from address bit AO. ITie value of third address 

signal /ADV is always at H-level. and the burst counter does bit ^ is inverted at every half the cycle, 

not operate. The address in the synchronous SRAM, at which data is 

According to the above manner of writing data, data can actuall written, is the address determined by the count 

be written without a loss even when the writing is performed operation of the burst counter based on the address which 

at a frequency four times larger than the clock frequency set *> was ^ fa ^ ^ ^ ^ A i c end rf ^ 

by the tester in the normal operation. one-eighth of the cycle. Therefore, the address which is 

FIG. 16 is a timing chart showing a test pattern in the falscly set in me tester ^ not coincident with the address for 

normal read operation for reading the written data shown in the actual writing. 

FIG. 15. and particularly in the case where the operation is However, the test for the read operation is performed on 

performed at a frequency four tunes larger than the fre- * ^ a ^ ^ ^ fake w ^ ld chan 

quency ot the clock applied from the tester. simflarly where by the noncoincidence causes no problem at 

Similarly to FIG. 15, the address signal is taken in four least in connection with the test operation, 

times during one cycle, and particularly at first second, third ™ . r . ...... _ . . _ _ 

. - * . 7 ' \„ T vir u. r/ . The value of input data to be written is inverted at every 

and fourth take-in positions A, B, A and B* in the first cycle. baif ^ ^ 7 

In these operations, each bit of the address signal changes 30 _ _ . , 

correspondingly to the bit change in FIG. 15. B > mc above wntc OP*™*™* toe operation itself is 
During the operation for read operation, signal /ADSC is Performed at every onenci^th of the cycle, but the process- 
always at L-level regardless of thelake-in position, so that *V* sXet ™* formed at a quarter or more 
the address register latches the address signalat eachtake-in K ° f S ° J£ * load °* *ctcster can lx reduced, and 
position. Also signal /WE is at H-level. and signal /ADV is 35 me co ^^ 8 bits can be written by the burst operation 
at H-level, whereby the read operation in the normal opera- W1 a OSS * 

tion is designated. FK*. 18 is a timing chart showing a test pattern for reading 

In this case, the data of 4 bits read during one cycle are ? ri f te f ^ mG - » * * e ^.of*™*^ «"» 

output in such a manner that the same data of 2 bits are m P^ularly in the case where the operation is performed at 

successively output at the first and sccond take-in positions. "° a ^ togpr than the normal test fre- 

or at the third and fourth take-in positions, as can be seen quency. 

from the write operation shown in FIG. 15. Similarly to the Similarly to FIG. 17, the start address for the burst 

read operation in the burst operation shown in FIG. 14, operation is taken in at take-in position A in the first cycle, 

therefore, it is possible to compare the expected value with /ADV is at L-kvel at second, third and fourth take-in 

the read data by issuing the window strobe signal two times 45 P 0 ^ 0 ^ B. A' and B\ whereby the burst counter operates 

per cycle from the tester. Although the read operation is thrcc ^ in totaL 

performed four times per cycle, the tester part is required to The above 4-bit burst operation is performed twice in one 
change the address signal or determine the read data at every cycle, so mat data of successive $ bits can be read, 
half the cycle, so that a load on the tester is reduced. Even ^ As can be understood from the write operation in FIG. 17. 
when the normal read operation is performed at a frequency all the data read from earlier 4 bits (1st to 4th bits) are the 
four times larger than the frequency set by the tester, the same data (D). so that the tester issues window strobe signal 
operation determination of the synchronous SRAM can be WS1* which allows detection of data change at every half 
performed without a loss. the cycle. While window strobe signal WS1 is active, it is 
[Embodiment 8] 5S determined that the read data is coincident with the expect 
FIG. 17 is a timing chart showing a test pattern for writing value - *f no change occurs in output data DOUT. 
in the 4-bit burst operation, and particularly in the case Likewise, window strobe signal WS2 is active during 
where the frequency to be supplied is doubled and thereby reading of the subsequent 4 bits. While window strobe signal 
the synchronous SRAM operates at a frequency 8 times WS2 is active, it is determined that signal DOUT is coin- 
larger than the frequency under the operation of the tester, so c^ 11 * expected values if a level of read signal 

In this case, the structure and others of the synchronous DOUT does not change. 

SRAM may include the structure of input control circuit 400 As described above, the test operation can be performed 

shown in FIG. 7. By doubling only the clock frequency, the without a loss, even when data of successive 8 bits are read 

test can be performed at a frequency higher than the fre- by the burst operation. 

quency under the operation of the tester. 65 FIG. 19 is a timing chart showing a test partem in the case 

At first position A defined at the end of one-eighth of the where data of 8 bits are successively written by the normal 

first cycle, signal /ADSC is set to L-lcveL whereby a start operation. 
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Signal /ADSC is always at L-level at respective take-in 
positions A, B, C. D, A. B\ C and D\ and the address 
register latches the address signal at the respective take-in 
positions. Meanwhile, signal /ADV is at H-leveL and signal 
/WE is at L-level, whereby the normal write operation is 
designated. 

Operations other than the above such as change in the 
address signal and input data are similar to those in the write 
operation by the burst operation shown in FIG. 17. 

However, the change in the address signal at the tester part 
is not false, and data is actually written into the memory cells 
designated by the addresses in contrast to the write opera- 
tion. 

FIG. 20 is a timing chart showing a test pattern in the case 
where 8 bits of written data in FIG. 19 are successively read 
in the normal operation. 

Assuming that the address is changed similarly to the 
write operation shown in FIG. 19, the following can be 
understood from the write operation in FIG. 19. Read data 
DOUT read from earlier 4 bits are the same data (D), and 20 
read data DOUT read from the subsequent 4 bits are also the 
same (/D). Therefore, similarly to the test operation in the 
burst operation mode shown in FIG, 18. the tester is 
designed to issue window strobe signal WS1 for detecting 
data change for half the cycle. 

While window strobe signal WS1 is active and at H-level, 
it is determined that the read data is coincident with the 
expected value, if no change occurs at the level of signal 
DOUT input to the tester. 

If change occurs at the level of read signal while window 
strobe signal WS1 is active, it is determined that the read 
data is not coincident with the expected value. 

Likewise, data determination is effected with respect to 
the subsequent 4 bits while the window strobe signal is 
active, whereby the operation test of the synchronous 
SRAM can be performed efficiently. 

Although the write operation itself is performed eight 
times during one cycle represented by M n*\ the test operation 
is required only to deal with the change for a quarter or more 
of the cycle, and thus a load on the tester is reduced. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 

1. A synchronous semiconductor memory device for 
accepting external signals including a control signal, an 
address signal and a data signal in synchronization with an 
external clock signal, comprising: 
a memory cell array including a plurality of memory cells 

arranged in rows and columns; 
a control circuit for accepting said control signal in 

response to rising of said external clock signal; 
an address register for accepting said address signal in 

response to rising of said external clock signal; 
memory cell select means being controlled by said control 

circuit to read and write data into and from said 

memory cell corresponding to said address signal; 
data input means for receiving said externally applied data 

signal and applying the same to said memory cell select 

means; and 

data output means for receiving the data from said 
memory cell select means and externally outputting the 
same, wherein 
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said data input means and said data output means are 
responsive to rising and falling of said external clock 
signal. 

2. The synchronous semiconductor memory device 
according to claim 1, wherein 

said data input means includes: 
first and second switch means being cornplementarily 
turned on and off in accordance with said external 
clock signal varying between first and second poten- 
tial levels, and each receiving on one of its ends said 
data signal. 

first and second latch means connected to the other 
ends of said first and second switch means, 
respectively, and 

third and fourth switch means for receiving outputs of 
said first and second latch means, and being cornple- 
mentarily turned on and off oppositely to said first 
and second switch means, respectively; and 
said data output means includes: 

fifth and sixth switch means being cornplementarily 
turned on and off in accordance with said external 
clock signal, and each receiving on one of its ends 
the data from said memory cell select means, 

third and fourth latch means connected to the other 
ends of said fifth and sixth switch means, 
respectively, and 

seventh and eighth switch means for receiving outputs 
of said third and fourth latch means, and being 
cornplementarily turned on and off oppositely to said 
fifth and sixth means, respectively. 

3. The synchronous semiconductor memory device 
according to claim 2, further comprising: 

input mode control means for turning off said second and 
fourth switch means in accordance with a test mode 
signal regardless of said external clock signal; and 

output mode control means for turning off said sixth and 
eighth switch means in accordance with said test mode 
signal regardless of said external clock signal. 

4. The synchronous semiconductor memory device 
according to claim 1. further comprising: 

burst control means for externally receiving a control 
signal and issuing a counter control signal; and 

a burst counter for issuing an internal address signal to 
said memory cell select means in accordance with said 
counter control signal. 

5. A synchronous semiconductor memory device for 
accepting external signals including a control signal and an 
address signal in synchronization with an external clock 
signal, comprising: 

a memory cell array including a plurality of memory cells 

arranged in rows and columns; 
a control circuit for accepting said control signal in 

response to rising of said external clock signal; 
an address register for accepting said address signal in 

response to rising of said external clock signal; 
memory cell select means being controlled by said control 

circuit to read and write a data signal into and from said 

memory cell corresponding to said address signal; 
data input means for receiving said externally applied data 

signal and applying the same to said memory cell select 

means; and 

data output means for receiving data from said memory 
cell select means and externally outputting the same, 
wherein 

said data input means and said data output means accept- 
ing the data signal in response to rising of said external 
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clock signal and rising of an external sub-clock signal 
having a phase opposite to that of said external clock 
signal. 

6. The synchronous semiconductor memory device 
according to claim 5, wherein 

said data input means includes: 

first and second switch means being complementarily 
turned on and off in accordance with said external 
clock signal and said external sub-clock signal, and 
each receiving on one of its ends said data signal. 

first and second latch means connected to the other 
ends of said first and second switch means, 
respectively, and 

third and fourth switch means for receiving outputs of 
said first and second latch means, and being comple- 
mentarily turned on and off oppositely to said first 
and second switch means, respectively; and 
said data output means includes: 

fifth and sixth switch means being complementarily 
turned on and off in accordance with said external 
clock signal and said external sub-clock signal, and 
each receiving on one of its ends the data from said 
memory cell select means, 

third and fourth latch means connected to the other 
ends of said fifth and sixth switch means, 
respectively, and 

seventh and eighth switch means for receiving outputs 
of said third and fourth latch means, and being 
complementarily turned on and off oppositely to said 
fifth and sixth means, respectively. 

7. The synchronous semiconductor memory device 
according to claim 6, further comprising: 

input mode control means for turning off said second and 
fourth switch means in accordance with a test mode 
signal regardless of said external clock signal; and 

output mode control means for turning off said sixth and 
eighth switch means in accordance with said test mode 
signal regardless of said external clock signal. 

8. The synchronous semiconductor memory device 
according to claim 5, further comprising: 

burst control means for externally receiving a control 
signal and issuing a counter control signal; and 

a burst counter for issuing an internal address signal to 
said memory cell select means in accordance with said 
counter control signal. 

9. A synchronous semiconductor memory device for 
accepting external signals including a control signal and an 
address signal in synchronization with an external clock 
signal, comprising: 

a memory cell array including a plurality of memory cells 

arranged in rows and columns; 
a control circuit for accepting said control signal in 

response to rising of said external clock signal; 
an address register for accepting said address signal in 

response to rising of said external clock signal; 
memory cell select means being controlled by said control 

circuit to read and write a data signal into and from said 

memory cell corresponding to said address signal; 
data input means for receiving said externally applied data 

signal and applying the same to said memory cell select 

means; and 

data output means for receiving data from said memory 
cell select means and externally outputting the same, 
wherein 

said data input means and said data output means accept- 
ing the data signal in response to rising of said external 
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clock signal and rising of an external sub-clock signal 
having a phase shifted by a quarter of a cycle from said 
external clock signal 

10. A method of writing data into a synchronous semi- 
5 conductor memory device being operable continuously to 

accepting an externally applied data signal in response to 
rising and falling of an external clock signal in an externally 
designated specific write mode, comprising the steps of: 
writing a first data signal into an address corresponding to 
10 said externally applied address signal in response to the 
rising of said external clock signal; and 
inverting one of the bits in said address signal, and writing 
a second data signal formed by inverting said first data 
signal into a corresponding address in response to the 
15 falling of said external clock signal. 

11. A method of writing data into a synchronous semi- 
conductor memory device being operable continuously to 
accepting an externally applied data signal in response to 
rising of an external clock signal and an external sub-clock 

20 signal haying a phase opposite to that of said external clock 
signal in an externally designated specific write mode, 
comprising the steps of: 
writing a first data signal into an address corresponding to 
^ said externally applied address signal in response to the 
rising of said external clock signal; and 
inverting one of the bits in said address signal, and writing 
a second data signal formed by inverting said first data 
signal into a corresponding address in response to the 
30 rising of said external sub-clock signal. 

12. A method of writing data into a synchronous semi- 
conductor memory device being operable continuously to 
accepting an externally applied data signal of 4 bits in 
response to rising and falling of an external clock signal and 

35 an external sub-dock signal having a phase shifted by a 
quarter of a cycle from said external clock signal in an 
externally designated specific write mode, comprising the 
steps of: 

writing a first data signal into an address corresponding to 
40 said externally applied address signal in response to the 
rising of said external clock signal; 
inverting the second least significant bit in said address 
signal, and writing said first data signal into a corre- 
sponding address in response to the rising of said 
45 external sub-clock signal; 

inverting the least significant bit in said address signal, 
and writing a second data signal formed by inverting 
said first data signal into a corresponding address in 
response to the falling of said external clock signal; and 
inverting the second least significant bit in said address 
signal, and writing said second data signal into a 
corresponding address in response to the falling of said 
external sub-clock signal. 
55 13. A method of writing data into a synchronous semi- 
conductor memory device being operable continuously to 
accepting an externally applied data signal of 8 bits in 
response to rising and falling of an external clock signal and 
an external sub-dock signal having a phase shifted by a 
^ quarter of a cycle from said external clock signal in an 
externally designated specific write mode, comprising the 
steps of: 

writing a first data signal into an address corresponding to 
said externally applied address signal in response to the 
65 rising of said external clock signal; 

inverting the second least significant bit in said address 
signal, and writing said first data signal into a corre- 
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sponding address in response to the rising of said 
external sub-clock signal; 
inverting the least significant bit in said address signal, 
and writing said first data signal into a corresponding 
address in response to the falling of said external clock 
signal; 

inverting the second least significant bit in said address 
signal, and writing said first data signal into a corre- 
sponding address in response to the falling of said 
external sub-clock signal; 

inverting the third least significant bit in said address 
signal, and writing a second data signal formed by 
inverting said first data signal into a corresponding 
address in response to the rising of said external clock 
signal; 
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inverting the second least significant bit in said address 
signal, and writing said second data signal into a 
corresponding address in response to the rising of said 
external sub-clock signal; 

inverting the least significant bit in said address signal, 
and writing said second data signal into a correspond- 
ing address in response to the falling of said external 
sub-clock signal; and 

inverting the second least significant bit in said address 
signal, and writing said second data signal into a 
corresponding address in response to the falling of said 
external sub-clock signal. 
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